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E573 ABSTRAfl 

Nitroorganic compounds of the formula 

X-N 

wherein x and y may be the same or different and are 
selected from -NO and -NOz, Methods of preparing 
these compounds are also disclosed. 

12 Claims, No Drawings 
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1,3,3,5,7,7-HEliA~I[TROPERZfPER~YDRO-1,5-DIAZO- 

P 
CINE, YN’TROSU ANALOGS THEREOF, AND 

FIIUCESSES FOlR THEIR PREPARATION 

BACKGROUND OF THE INVENTION 

This invention relates to organic explosives and more 
particularly to high energy-density polynitroorganic 
explosives. 

Currently, RDX (cvclotrimethylenetrinitramine) and w 
HMX (cyclotetramethylenetetranitramine) are the prin- 
cipal fillers used in military explosives and propellants. 
While both are highly important high energy cum- 
pounds it is believed that they do not possess the highest 
energy-density attainable with organic high energy 
compounds, Tn addition, both RDX and HMX have 
unfavorable burning characteristics (rate and pressure 
exponent). 

Therefore, it would be desirable to provide new high 
energy, high density compounds as additives to explo- 
sive and propellant compositions. 

SUMMARY OF THE INVENTION 

Accordingly, an object of this invention is to provide 
novel organic compounds. 

Another object of this invention is to provide new 
high density, high energv explosives. 

A further object of this invention is to provide new 
energetic organic additives for explosive and propellant 

r”\ 
compositions. 

These and other objects of this invention are accom- 
plished by providing: 

a compound of the formula 

wherein x and y vary independently and are selected 
from the group consisting of -NO and ---NO?. 

These compounds may be prepared by the following 
reaction sequences: 

P 

5 

10 

15 

20 

25 

30 

3s 

40 

45 

50 

55 

40 

65 

2 
-continued 

02N NO2 

90% HNO3 ON-N 
I > ii 

5i-J 

N-NO2 

02N YO2 IV 

These compounds are useful as explosives and as 
energetic additives to explosives and propellants. 

DESCRIPTION OF TETE PREFERRED 
EMBO.DIMENT 

The starting material 3,3,7,7=tetranitro- I-nitrosoper- 
hydra-l ,Sdiatocine is prepared by reacting bis(dinitro- 
ethyl)nitrosoamine, formaldehyde, and ammonia in 
aqueous solution: 

/ 
CJ+2CW02)2IJ 

ON-N + 2CHlO + H?;: e-> 
\ 

CH:2C(N02)2H 

ON-N 
ii 

ii 

N--H 

The bis(2,2-djnitroethyI)nitrosoamine is dissolved in a 
solution of water and a low molecular weight alcohol 
such as ethanol ur preferably methanol. The alcohol 
serves to increase the solubility of the nitrosoamine in 
water. Aqueous solutions of formaldehyde and ammo- 
nia are Ihen added. Acetic acid is added to the reaction 
mixture to lower the pH until a solid begins tu form (pX 
4). The reaction is carried out at ambient temperature 
(about 15” C. to about 25’ C.). 

C 

The solid product 3,3.7,7-tetranitro- 1 Atrosoperhy- 
dro-l,Miazocine is filtered from the aqueous s~!lution 
and recrystallized as illustrated in example 1. 

3.3.7,7-tetranitr~-I.~-dinitrosoperr;ydro- 1.5~diazocine 
(II) is prepared by heating 3.3.75tetranitro- I - 
nirrosoperhydro-1,5-diazocine (I) in from about 55 to 
about 70 percent HN@ at about 40” 10 about 3” C. for 



e h 

3 
4,452,739 

a few minutes. The product II can be purified by recrps- 
taIlization from nitromethane, 

,P 

5 

10 

Example 2 illustrates this procedure. 
3,3,5,7,7-Pentanitro- 1-nitrosoperhydro-1,5-diazocine 25 

(III) is prepared by adding 3,3,7,7ctetranitro-1- 
nitrosoperhydro- 1 ,S-diazocine, I, to a mixture of acetic 
.anhydride and 90% HN03 (oxide free) which is kept at 
0” to 5” C. After about 10 minutes, the reaction mixture 
is poured onto ice. The product III can be purified by 30 
recrystallization from nitromethane. 

35 

NO2 NO2 

r”( 45 

Example 3 illustrates this procedure. 
1,3,3,5,7,7-hexanitroperhvdro- 1,5diazacine (IV) is 55 

prepared by using a 90% nikic acid/concentrated sulfu- 
ric acid mixture at 0” to 5” C. to nitrate 3,3,7,7-tetrani- 
tro-1 -nitrosoperhydro- 1,5-diazocine. 

60 
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Oj)r; NO2 

The procedure is illustrated bv example 4, w 
The general nature of the invention having been set 

forth, the following examples are presented as specific 
illustrations thereof. It will be understood that the in- 
vention is not ‘limited to these examples but is susccpti- 
ble to various modifications that will be recognized by 
one of ordinary skill in the art. 

EXAMPLE 1 

Preparation of 3,3,7,7-Tetranitro- I-nitrosoperhydro- 
1 ,S-diazocine (I) 

To 14.0 g bisf2,2-dinitroerhvljnitrosamine was added 
216 ml 60 percent aqueous methanol and 6.4 g acetic 
acid. To this mixture was then added. at 15°w2Uo C., 12.9 
ml aqueous ammonia (29 percent) in 13 ml water ful- 
lowed by 16.8 ml aqueous formaldehyde (37 percent). 
The pEf was then adjusted so four with acetic acid. 
Solid starting forming as the pH was adjusted. The 
mixture was stirred overnight at room temperature. The 
solid was then filtered off, washed with water, and 
dtied in a vkuum desiccator to give 13.8 g (8 I percent) 
of 3,3,7,7-Tetranitro- I-nitrosoperhydro- 1,5-diazocine. 
The product was recrystallized from methyfene chlori- 
de/hexane, mp: 148’ C. onset of decomposition, 
159.50”-160.5” C. melts with decomposition; VI NMR 
(CDCl3/acetonewd& 6 J&3.2 (1H): 3.60 (d, 2H), 4.0 (d, 
2W), 4.97 (s, 2H), 5.83 (s, 2H). 

Analysis: 
Calculated for: C&N?@: C, 22.30; H, 2.81; N, 

30,34. Found: C, 22.66; H, 2.85; X 30.54. 

EXAMPLE 2 
Preparation of 

3,3,7,7-Tetranitro-l,Sdinitrosoperhvdro- I$diazocine 
(H) M 

To 7.0 ml 60 percent nitric acid at 4V-45” C. was 
added 0.2 g 3,3,7,7-tetranitro-l-nitrosoperfiydro-I,5- 
diazocine (I). The mixture was heated at 407-45” C. for 
five minut& and ulas then poured into ice. The solid 
was filtered off, washed with water and dried in a vac- 
uum desiccator to give 0.109 ,E solid 3.X7,7-Tetranitro- 
1.5-dinitrosoperhydro- 1,5-diazocine. The solid was re- 
crystallized from nitromethane 10 remove a srrd 
amount’ of starting materiel: zp: 190” C., onset of de- 

composition; 228’-229” C. melts: 1I-l NMR (acetone-d& 
6 4.81 (s), 5.26 (sj. 5.73 (sl. 6. ib kl. 

- 

Analysis: 
Calculated fcx: C&I&OK,: C. 20.46; I-L 2.29; N. 

31.82. Found; C, 20.45; H. 2.3-c: N, 31.62. 
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EXAMPLE 3 

Preparation of 
3,,1.5.‘i,7-Pentanitro-l-nitrosoperhydro-I,5-diazocine 

WI) 

TO 5 ml acetic anhydride at 0*-Y C. was added I.5 ml 

oxide-free &tic acid (90 percent). To this was added 0.2 

g 3,3,7,7-tetranitro-1 -nitrosoperhydro- 1 ,Sdiaz&ne (I), 

The mixture was stirred at 0*-S’ C. for ten minutes and 

then was poured onto ice. The solution was stirred at 

room temperature for one hour. The solid was filtered 

off, washed with water, and dried in a vacuum desicca- 

tor. The solid was recrystallized from nitromethane to 

give 0.22 g (79 percent) of 3,3,5,7,7-penbnitro-l- 

nitrosoperhydro- 1,5-diazocine, mp: 229’ C., onset of 

decomposition; ‘H NMR (acetone-de): 6 5.32, 5.37 (Zs, 

4H); 5.73 (s, 2W); 6.20 (s, 2H). 

Analysis: 

Calculated for: C6HgNgU11: C, 19.57; H, 2.19; N, 

30.44. Found: C, 19.42; H, 2.29; N, 30.13. 

EXAMFLE 4 

Preparation of 

P 
1,3,3,5,7,7-hexani tropherhydro- 1 ,S-diazocine (IV) 

To 3.4 ml concentrated sulfuric acid at O”-5’ C. in an 

ice bath was added 0.075 g 3,3,7,7-tetranitro- I- 

nitrosoperhydro-Wdiazocine (I), To this was then 

added a mixture of 0.8 ml nitric acid (90 percent) and I .4 

ml concentrated sulfuric acid, The mixture was stirred 

in the ice bath for 15 minutes and then was poured onto 

ice. The solid was filtered off, washed with water, and 

dried in a vacuum desiccator to give 0.080 g (90 per- 

cent) of 1,3,3,5;7,7-hexanitroperhydro- 1 .5-diazocine. 

The product was recrystallized from acetonitrile or 

nitromethane: mp: 250” C., onset of decomposition; ‘H 

NMR (acetone-&j): 6 5.70 (5). 

Analysis: 
Calculated for: C6HgNgO12: C, 18.75: H, 2.08; N 

29.17. Found: C, 19+04; H, 2+07; N, 28.96. 
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wherein x and y vary independently and are selected 
from the group consisting of -NO and --NOz. 

2. The compound of claim 1 wrhich is 3.3,7,7-tetrani- 

15 
tro- 1,5-dinitrosoperhydro- l,S-diazocine. 

3. The compound of claim 1 which is 3,3,5,7,7-pen- 
tanitro- l-nitrosoperhydro- l,Z-diazocine. 

4. The compound of claim 1 which is 1,3,3,5,7,Mex- 
anitroperhydro- I ,Sdiazocine. 

5. A process for preparing 3,3,?.7-tetranitro- l- 
‘* nitrosaperhydro- 1 ,Sdiazocine comprising the fuilow- 

ing steps: 
(1) forming an aqueous solution of 

(a) ammonia, 

25 
(b) formaldehyde, and 
(c) bis(2,2-dinitroethyl)nitrosamine; 

(2) lowering the pH of the solution until the solid 
3,3,7,7=tetranitro- I-nitrosoperhydro- 1,Sdiazocine 
product is formed; and 

30 
(3) isolating the product. 
6. The process of claim 5 wherein a low molecular 

weight water soluble afcohal selected from the group 
consisting of methanol, ethanol, and mixtures thereof is 
used to increase the sdubility of bis( 2,2-dinitroethyl)ni- 
trosamine in the aqueous solution. 

35 7. The process of claim 5 wherein acetic acid is used 
to lower the pH of the aqueous solution in step (2). 

8. The process of claim 5 wherein the pEI of the aque- 
ous solution is adjusted tu about 4 in step (2). 

9. The process of claim 5 further comprising the steps 
40 thereafter of: 

(4) nitrosating the 3,3,7,7-tetranitro-l-nitrosoperhy- 
dro-1,Sdiazocine in from about 55 to about 70 
percent nitric acid to form 3,3,7,7-tetranitro- I ,5- 
dinitrosoperhydro- 1 ,Sdiazocine product: and 

45 (5) isolating the 3,3,7,Netranitro- 1 ,Sdinilrosoperhy- 
dro- 1,Sdiazocine. 

10. The process of claim 9 wherein rhe nitrosation is 
performed at a temperature of from about 40” C to 
about 45’ C. 

50 1X. The process of claim 5 fusLher comprising the 
steps thereafter of: 

(4) nitrating the 3,3,7,7-tetranirro- l-nitrosopehvdro- 
1,Sdiazocine in a mixture of acetic anhvdridk and 
9UVo nitric acid at a temperarure of frok about 0” 

55 C. to about 5” C. to form 3.3,5,7,7-pentanitro- I- 
nitrosoperhydro- 1 Adiazocine: and 

(5) isolating the 3,3,57.7-pentanitro- 1 -nitrosoperfiy- 
Obviouslv. numerous modifications and variations of w dro- f .5-diazocine. 

the present invention are possible in light of the above 12. The process of claim 5 further comprising the 

teachings. Xt is therefore to be understood that within 
a steps thereafter of: 

(4) nitrating the 3,3,7,7-tetranitro- ‘1 -nitrosoperhydro- 

the scope of the appended claims the invention may be 1,Sdiazocine in a mixture of concentrated sulfuric 
acid and 90% nitric acid at a temperature of from 

practiced otherwise than as specifically described about 0” C. to about 5” C. to form 1,~,3.5.7,7-hex- 

(‘ I herein. 65 anitroperhydro- I,%diazocine; and 
(5) isolating the I .3,3,5.7,?-he~~anitroperh!ldr~- 1, S- 

We claim: diazocine. 
1. A nitroorganic compound of the formula * * l * l 


